Altered reinforcement learning is implicated in the causes of Tourette syndrome (TS) and attentiondeficit/hyperactivity disorder (ADHD). TS and ADHD frequently co-occur but how this affects reinforcement learning has not been investigated. We examined the ability of young people with TS (n = 18), TS + ADHD (N = 17), ADHD (n = 13) and typically developing controls (n = 20) to learn and reverse stimulus-response (S-R) associations based on positive and negative reinforcement feedback. We used a 2 (TS-yes, TS-no) × 2 (ADHD-yes, ADHD-no) factorial design to assess the effects of TS, ADHD, and their interaction on behavioural (accuracy, RT) and event-related potential (stimulus-locked P3, feedbacklocked P2, feedback-related negativity, FRN) indices of learning and reversing the S-R associations. TS was associated with intact learning and reversal performance and largely typical ERP amplitudes. ADHD was associated with lower accuracy during S-R learning and impaired reversal learning (significantly reduced accuracy and a trend for smaller P3 amplitude). The results indicate that co-occurring ADHD symptoms impair reversal learning in TS + ADHD. The implications of these findings for behavioural tic therapies are discussed.
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Introduction
Tourette syndrome (TS) is a neurodevelopmental disorder characterised by chronic motor and phonic tics, i.e. involuntary and repetitive movements and sounds (American Psychiatric Association, 2013) . A large proportion of young people with TS have co-occurring symptoms of attention-deficit/hyperactivity disorder (ADHD) (Freeman and Consortium, 2007; Hirschtritt et al., 2015) , a neurodevelopmental disorder characterised by inappropriate and impairing symptoms of inattention, hyperactivity, and impulsivity (American Psychiatric Association, 2013) . Young people with TS Abbreviations: TS, Tourette syndrome; ADHD, attention-deficit/hyperactivity disorder; TS + ADHD, Tourette syndrome and co-occurring ADHD; EEG, electroencephalography; ERP, event-related potential; FRN, feedback-related negativity; HRT, habit-reversal therapy.
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E-mail addresses: elizabeth.1.shephard@kcl.ac.uk, lizzieshephard@gmail.com (E. Shephard), georgina.jackson@nottingham.ac.uk (G.M. Jackson), maddie.groom@nottingham.ac.uk (M.J. Groom). and co-occurring ADHD (TS + ADHD) have worse functional outcomes (Conelea et al., 2010; Debes et al., 2010) and experience less success with behavioural tic therapies (McGuire et al., 2014) than young people with TS without ADHD but the mechanisms underlying these effects are not known.
Reinforcement learning, the ability to learn and modify behaviours based on their association with positive and negative outcomes, has been implicated in the causes of TS and ADHD. This ability relies on dopaminergic transmission in cortico-striatothalamo-cortical (CSTC) circuitry (Kehagia et al., 2010; Maia and Frank, 2011) . In TS, it has been proposed that excessive striatal dopamine leads to inappropriate hyper-learning of associations between sensory stimuli and motor responses, resulting in tic 'habits' that are difficult to break (Leckman and Riddle, 2000; Maia and Frank, 2011) . Findings of increased dopamine transmission in unmedicated patients with TS (recently reviewed in Buse et al., 2013) and the successful amelioration of tics with dopamine antagonist medications (Lombroso et al., 1995; Sallee et al., 1997) 
